Summary. Blood Overall, mean FSH concentrations rose significantly (P < 0\m=.\001) from 151\m=.\1\ m=+-\6\ m=. \ 2 (s.e.m.) ng/ml in the 12-h period immediately before weaning to 187\m=.\7\ m=+-\ 9\m=.\7ng/ml in the subsequent 12-h period but there was no correlation between FSH concentrations, before or after weaning, and the interval from weaning to oestrus. However, a significant correlation was apparent between ovulation rate and peak concentrations of the rise in FSH after weaning (r = 0\m=.\746; P < 0\m=.\05) and overall mean FSH values (r = 0\m=.\645;P < 0\m=.\05). It is concluded that both LH and FSH concentrations in peripheral blood rose in response to removal of the suckling stimulus at weaning. The increase in LH pulse frequency associated with weaning was not directly related to the weaning to oestrus interval although a specific pattern of LH secretion was observed in sows showing an early return to oestrus ( \m=l e\4 days). It is proposed that the characteristics of LH secretion after weaning may reflect the ovarian status at the time of weaning and that this may, in part, be dependent on steroid feedback. The weaning-associated rise in FSH may be involved in the determination of ovulation rate.
Summary. Blood samples were collected from primiparous sows via indwelling jugular cannulae at 15-min intervals for 12 h before and for 24 h (2 sows) or 48 h (10 sows) after weaning and then every 4 h until behavioural oestrus. Weaning to oestrus intervals ranged from 3 to 10 days and 2 sows showed no signs of oestrus and had not ovulated by Days 11 and 16 after weaning.
Prolactin concentrations in plasma decreased significantly (P < 0\m=.\001) and reached basal levels 1\p=n-\2h after weaning in all sows whilst plasma progesterone concentrations remained basal until~30 h after the preovulatory LH surge in sows that ovulated. Elevated concentrations of prolactin or progesterone during the post-weaning period were, therefore, not responsible for delayed restoration of cyclicity.
Overall, mean LH concentrations rose significantly (P < 0\m=.\001)from 0\m=.\22\ m=+-\0\m=.\02
during the 12-h period before weaning to 0\m=.\38\ m=+-\ 0\m=.\03ng/mlduring the 12-h post \ x=r eq-\ weaning period. After weaning, pulsatile and basal LH secretions were markedly increased for sows that showed an early return to oestrus (\m=l e\ 4 days) compared with sows showing a longer weaning to oestrus interval but a correlation did not exist between either of these LH characteristics and the time taken to resume cyclicity. Mean LH concentrations before weaning were, however, inversely related (r = \ m=-\0\m=.\649; P < 0\m=.\05) to the weaning to oestrus interval.
Overall, mean FSH concentrations rose significantly (P < 0\m=.\001) from 151\m=.\1\ m=+-\6\ m=. \ 2 (s.e.m.) ng/ml in the 12-h period immediately before weaning to 187\m=.\7\ m=+-\ 9\m=.\7ng/ml in the subsequent 12-h period but there was no correlation between FSH concentrations, before or after weaning, and the interval from weaning to oestrus. However, a significant correlation was apparent between ovulation rate and peak concentrations of the rise in FSH after weaning (r = 0\m=.\746; P < 0\m=.\05) and overall mean FSH values (r = 0\m=.\645;P < 0\m=.\05). It is concluded that both LH and FSH concentrations in peripheral blood rose in response to removal of the suckling stimulus at weaning. The increase in LH pulse frequency associated with weaning was not directly related to the weaning to oestrus interval although a specific pattern of LH secretion was observed in sows showing an early return to oestrus ( \m=l e\4 days). It is proposed that the characteristics of LH secretion after weaning may reflect the ovarian status at the time of weaning and that this may, in part, be dependent on steroid feedback. The weaning-associated rise in FSH may be involved in the determination of ovulation rate.
Introduction
Changes in LH, FSH, prolactin and steroid secretion at the post-weaning oestrus in sows have been studied extensively (Ash & Heap, 1975; Aherne, Christopherson, Thompson & Hardin, 1976; Parvizi, Elsaesser, Smidt & Ellendorff, 1976; de Wiel, 1978; Bevers, Willemse & Kruip, 1978; Stevenson & Britt, 1980; Stevenson, Cox & Britt, 1981; Edwards & Foxcroft, 1983; Kirkwood, Lapwood, Smith & Anderson, 1984) but there is little information available on the precise endocrine changes immediately before and after weaning. Aherne et al. (1976) and Edwards & Foxcroft (1983) showed that FSH concentrations in peripheral blood rose inconsistently after weaning and hence the functional significance of this FSH rise is unknown (Edwards & Foxcroft, 1983) . By contrast, early investigations, in which daily changes in plasma LH concentrations were measured, showed that LH remained low at and immediately after weaning but increased abruptly on the day before oestrus, i.e. Days 4-8 after weaning (Aherne et al., 1976; Parvizi et ai, 1976; Stevenson & Britt, 1980) . Edwards & Foxcroft (1983) found that a significant increase in LH secretion consistently accompanied weaning but the inadequate blood sampling frequency prevented demonstration that the transient increase in basal LH secretion (occurring within 24 h of weaning) was associated with an increase in LH pulsatile release. It has been suggested that high-frequency LH pulses in sheep and cows may be a prerequisite for final follicular growth and maturation (Baird, Swanston & Scaramuzzi, 1976; Baird, Swanston & McNeilly, 1981; Peters, Lamming & Fisher, 1981; McLeod, Haresign & Lamming, 1982; Haresign, Foxcroft & Lamming, 1983 Greenwood, Hunter & Glover (1963) . For each iodination 2-5 µg prolactin in 10 µ 005 M-phosphate-buffered saline (PBS) was mixed with 1 mCi Na125I in 50 µ 0-5 M-PBS (pH 7-2) and 30 µg chloramine (1-5 µg/µl 005 M-PBS) for 10-12 sec. The reaction was stopped with the addition of 60 µg sodium metabisulphite (0-6 µg/µl 0-05 m-PBS) and the mixture diluted with 200 µ 0-1% potassium iodide and 100 µ assay diluent (005 m-PBS containing 2-7mM-EDTA and 1% bovine serum albumin (BSA)). Free 125I was separated from 125I-labelled prolactin on a 20 1 cm Sephadex G100 column washed with 5% egg albumin and equilibrated with 0-05 m-PBS. Maximal binding of label was observed in the fractions representing the final portion of the protein-bound peak and these were pooled and stored at 4°C for subsequent use in the assay.
For the assay, 400 µ assay diluent, 100 µ plasma sample or standard (0-2,0-3,0-6, 1-0, 2-0, 3-0, 60, 100, 200 ng prolactin), 100 µ goat antiporcine prolactin (at an initial dilution of 1:50 000 in PBS containing 1:600 normal goat serum (NGS/PBS)) and 100µ1 125I-labelled pig prolactin (diluted in assay diluent to give 15-20 000 c.p.m.) were used as appropriate. All tubes were incubated at 4°C for 24 h before the addition of 200 µ of a 1:15 dilution of donkey anti-goat gamma globulin, and incubated at 4°C for a further 24 h. To separate bound and free 125I-labelled prolactin the tubes were centrifuged at 2000,1* for 30 min, the supernatant was aspirated and the radioactivity in the pellet was counted.
The specificity of the antiserum has previously been investigated by Kraeling, Rampacek, Cox & Kiser (1982) who found that cross-reaction with large quantities (2-2000 ng) of FSH (NIH-FSH-P-2), LH (LER-778-4) and growth hormone (NIH-GH-P-5268) were all < 1%. The dilution of first antibody used bound 20-30% of 125I-labelled prolactin in the absence of unlabelled hormone. Three volumes (100, 200 and 300 µ ) of a pooled plasma sample included in each assay to test for parallelism to the standard curve gave mean values of 1-4, 2-7 and 4-3 ng/tube and a significant cor¬ relation existed between volume of plasma and mass of hormone (y = 0 14* -0-033; r = 0-997; < 005; linear regression analysis). Accuracy, estimated as the recovery of prolactin at known concentrations from pig plasma, gave values ranging from 88 to 105%. The intra-and inter-assay CVs were 4-4 and 11 -4%, respectively, and the mean assay sensitivity was 4-4 ng/ml.
Progesterone. Plasma progesterone concentration was assayed by the method of Haresign, Foster, Haynes, Crighton & Lamming (1975) using the antiserum 711/12 at a dilution of 1:6000. The specificity of this antiserum was determined using lla-hydroxyprogesterone, llß-hydroxyprogesterone, 17a-hydroxyprogesterone, 3ß-pregnan-3,20-dione and corticosterone. The crossreactions of these steroids were 130, 224, 11-8, 9-0 and < 10%, respectively. Ether blanks measured in each assay contained levels of progesterone which were below the sensitivity of the assay, estimated to be 0-26 ng/ml. The mean recovery of radioactivity after extraction over 11 assays was 81-3%. However, the percentage recovery from each individual assay was used as a correction factor to estimate potencies within that assay. Intra-and inter-assay CVs were 5-3 and 4-9% and 81 and 10-5%, respectively, for plasma pools containing progesterone concentrations of 0-175 and 0-35 ng/tube.
Analyses of results
The sows were divided into three groups on the basis of the weaning to oestrus interval: Group 1, early ( For the purpose of determining LH pulse frequency a pulse was defined as (i) any increase in the concentration of LH that exceeded the 95% confidence limits for the baseline and the peak samples and was completed within two sampling intervals; (ii) this rise was then followed by a decline in concentration that exceeded the 95% confidence limits, which had at least two sample points between the peak value and succeeding trough or baseline and occurred at a rate no greater than the known half-life of the hormone. The number of pulses in a profile were then counted and analysed using the procedure for analysis of deviance as described by Neider & Wedderburn (1972) and Martin, Scaramuzzi & Henstridge (1983) .
Results Table 1 shows that the litter size, sow weights, lactation lengths and ovulation rates were not different between groups selected for analysis on the basis of different weaning to oestrus intervals.
LH concentrations
All sows showed a change in the pattern of LH secretion in response to weaning and overall mean LH concentrations rose significantly (P < 0-001, = 12) from 0-22 + 0-02 (s.e.m) ng/ml during the 12-h period before weaning to 0-38 ± 0-03 ng/ml in the 12-h period after weaning. Mean fig. 3 . Overall, FSH secretion rose significantly (P < 0001) from 149-2 ± 8-9 (s.e.m.) ng/ml in the 12-h period immediately before weaning to 187-5 ± 5-6 ng/ml in the subsequent 12-h period. There was no difference in FSH concentrations in the 3 groups for the 12-h periods before or after weaning.
Hours from weaning Text- fig. 3 . Plasma LH, FSH and prolactin concentrations in 3 sows weaned at~21 days posi partum and with a subsequent weaning to oestrus interval of (a) 4 days (Sow B, Group 1), (b) 6 days (Sow E, Group 2), and (c) > 11 days (Sow C, Group 3). Samples were obtained at 15-min intervals. (pulse/12 h) LH pulse ampi.
(ng/ml) FSH (ng/ml) 3 LH pulse freq.
(pulse/12 h) LH pulse ampi.
(ng/ml) FSH (ng/ml) (Table 2) .
A significant correlation existed between ovulation rate and both overall mean FSH concen¬ trations (r = 0-645; < 0-05) and peak concentrations of the weaning associated rise in FSH (r = 0-746; < 005). There was no relationship between the weaning to oestrus interval and FSH secretion either before or after weaning but the time to resume cyclicity was correlated with the ratio of FSH to LH (calculated from mean values for each animal) for the entire sampling period (r = 0-595; < 005).
Prolactin concentrations A significant (P < 0001) decline in prolactin concentrations occurred in all but one sow within 1-2 h of weaning and represented a 30-40% reduction in plasma prolactin values. The mean plasma prolactin concentrations for sows in Groups 1, 2 and 3 for the 12-h periods before and after weaning were similar (Table 3) .
Progesterone concentrations
Progesterone values were below the sensitivity of the assay for 12 h before and 48 h after weaning but began to rise about 30 h after the preovulatory LH surge.
Discussion
Contrary to the data of van Riley, Peters & Lamming, 1981) . A gradual increase in LH secretion has been reported throughout lactation for the sow (Stevenson et al., 1981) and this has been attributed to a progress¬ ive 'escape' from the inhibitory effects of the preceding pregnancy and to the decrease in suckling intensity in later lactation. The elevation in LH and FSH secretion observed immediately after weaning in the present study may therefore be due to the sudden removal of the inhibitory effects on gonadotrophin secretion imposed by suckling. The rise in mean LH concentrations at weaning was associated with an increase in LH pulse frequency which resulted in an elevated baseline in those sows in which pulsatility reached a frequency of 1 pulse/h; indeed this latter effect may occur entirely as a result of insufficient time between pulses for LH concentrations to decline to basal levels. The positive correlation between pulse frequency and minimum LH values in this study indicates that an assessment of LH minima may be a useful criterion on which to base LH activity during the follicular phase.
It seems reasonable to assume that any variation in the LH response to weaning may be related to the interval to post-weaning oestrus, since it has been suggested for sheep that the development of, or increase in, pulsatile LH release is a prerequisite for final follicular growth and maturation (Baird et al., 1976; Baird, 1978; Haresign et al., 1983) . It is not certain, however, whether LH pulsatility per se is an absolute requirement since follicular growth and the preovulatory oestradiol rise can be elicited in ewes by constant or episodic delivery of LH (Goodman, Bittman, Foster & Karsch, 1981; McNatty, Gibb, Dobson & Thurley, 1981; McNeilly, O'Connell & Baird, 1982) or GnRH (McLeod et al., 1982 (McLeod et al., , 1983 . The pulse frequency and mean minimum concentrations of LH were greater for sows showing overt oestrus within 4 days of weaning, but for all animals investigated neither episodic LH frequency nor mean, minimum or maximum LH values in the post-weaning periods were correlated with the time taken to resume cyclicity. However, mean LH concentrations during the 12-h period before weaning were inversely related to the interval from weaning to oestrus, indicating that events occurring during lactation may have determined the response to weaning. Since the latency between activation of the oestrogen positive-feedback mechanism and the preovulatory LH surge in the pig is estimated to be 50-55 h (Edwards & Foxcroft, 1983) Karsch, Foster, Bittman & Goodman (1983) have demonstrated that administration of oestradiol to ewes overiectomized in the late luteal phase increases LH pulse frequency and that this effect could not be solely attributed to a withdrawal of progesterone. The effect of oestradiol on LH pulse frequency may be coupled to the positive-feedback effect on the preovulatory LH surge because LH pulsatility persisted in Sow during the start of the LH surge as has previously been reported for a number of other species (Rahe, Owens, Fleeger, Newton, Harms, 1980; Gallo, 1981; Marut et al, 1981; Karsch et al., 1983) . However, the precise mechan¬ isms involved in the functional separation of these two feedback actions of oestradiol has yet to be determined. It has been suggested that the negative-feedback effect of oestrogen on tonic LH secre¬ tion is augmented during lactation in women (Baird, McNeilly, Sawers & Sharpe, 1979) and ewes (Wright, Geytenbeek, Clarke & Findlay, 1981 ). An alternative hypothesis, therefore, to explain the inverse relationship between LH concentrations during the later stages of lactation and the weaning to oestrus interval is that the hypophalamo-hypophysial axis of some sows 'escaped' the negative-feedback effects of oestrogen earlier than others.
Since FSH concentrations were in the 'normal' range of the follicular phase before weaning it seems likely that these concentrations were sufficient to activate or maintain ovarian function during lactation provided the ovary was capable of responding to FSH, although the post-weaning rise in FSH in the majority of sows would suggest that, in general, lactation must exert a degree of inhibition on FSH secretion. A gradual elevation in FSH concentrations throughout lactation has been reported for the sow (Stevenson et ai, 1981) and this would appear to be accompanied by a progressive increase in the number of large, healthy follicles (Kunavongkrit, Einarsson & Settergren, 1982) , although ovulation is rarely attained until after weaning (see Edwards, 1982 (Greenwald, 1973) , mice (Murr, Geschwind & Bradford, 1973) and sheep (Cahill et al., 1981) . It is uncertain, however, whether the interval between the weaning-associated rise in FSH and ovulation is sufficient to recruit the ovulatory follicles. Follicular growth and ovulation have been reported to occur in the sow within 6-7 days after withdrawal of methallibure, an inhibitor of gonadotrophin secretion (Daguet, 1979) . There¬ fore, after complete suppression of circulating gonadotrophins a rise in FSH (and/or LH) may be capable of recruiting and stimulating the early growth of follicles that ovulate about 1 week later and this may also be the case for the sow after weaning. FSH has been implicated in the prevention of atresia (Henderson, 1979) and this may be an alternative mechanism by which FSH acts to increase ovulation rate.
The possible inhibitory effects of prolactin and/or progesterone on gonadotrophin secretion or ovarian activity as a cause of delayed restoration of cyclicity in the post-weaning period seems unlikely; as has previously been reported for weaned sows (Bevers et al., 1978; de Wiel, 1978; van de Wiel et al., 1979) , prolactin decreased in all animals within 1-2 h after weaning. Similarly, progesterone levels were basal throughout lactation and the post-weaning period until about 30 h after the preovulatory LH surge, indicating that raised plasma progesterone values were not responsible for the prolonged interval to oestrus. These endocrine data, together with the absence of corpora lutea in ovaries examined at slaughter on Days 11 and 16 after weaning, show that sows that failed to display behavioural oestrus by this time had not experi¬ enced 'silent heats' as reported in other studies of primiparous sows (Love, 1979; Stork, 1979; Benjaminsen & Karlberg, 1981) .
The present results would therefore suggest that although the majority of sows showed an elevation in both LH and FSH secretion after weaning the resumption of cyclicity is not solely dependent on the gonadotrophic response to weaning. Nevertheless, a specific pattern of LH secre¬ tion occurred in all sows showing an early return to oestrus (^4 days) and may therefore be causally related to the timing of oestrus whilst the role of FSH in post-weaning fertility appears to be in the selection of the ovulatory follicles and in determining ovulation rate.
